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(54) PACKAGE SUBSTRATE 




(57)Abstract: 



PROBLEM TO BE SOLVED: To provide a package substrate where the 
capacitor of large capacity can be arranged near an IC chip. 



SOLUTION: Since a power capacitor 18 is arranged on the side of a ceramic 
board 10 to which an IC chip 70 is fitted in a package substrate 100, a distance 
between the IC chip and the capacitor becomes short and large power can 
instantaneously be supplied to the side of the IC chip. The IC chip 70 which is 
formed of silicon and whose thermal expansion coefficient is small is fitted to the 
side of the ceramic board 1 0 whose thermal expansion coefficient is small, and a 
daughter board 80 which is formed of resin and whose thermal expansion 
coefficient is large is fitted to the side of interlayer resin insulating layers 40 and 
140 whose thermal expansion coefficients are large. Thus, the occurrence of a 
crack owing to a thermal expansion difference can be prevented. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the package substrate which comes to carry out the build up of the 
resin insulating layer between layers, and the wiring layer on a ceramic plate. 
The bump for connection with IC chip is arranged on said ceramic plate, and the 
bump or pin for connection with an external substrate is arranged in the wiring 
layer on said resin insulating layer between layers. Between said ceramic plate 
and said resin insulating layer between layers The package substrate 
characterized by arranging the capacitor which consists of one pair of plane 
layers between which the dielectric layer was made to be placed. 
[Claim 2] The package substrate of claim 1 characterized by using said capacitor 
as the capacitor for power sources. 

[Claim 3] Claim 1 or 2 package substrates with which said dielectric layer is 
characterized by coming to be formed with a titanium oxide salt or a PEROSU 
kite system ingredient. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is also related with the package substrate which comes 
to carry out the build up of the resin insulating layer between layers, and the 
wiring layer especially on a ceramic plate about the package substrate which lays 
electronic parts, such as IC chip. 
[0002] 

[Description of the Prior Art] As a package substrate, the multilayer- 
interconnection plate which comes to carry out the build up of the resin insulating 
layer between layers and the wiring layer on a ceramic plate is known. With this 
multilayer-interconnection plate, the resin insulating layer 240,340 between 
layers is arranged on the ceramic plate 210 which arranges a through hole 212 
and changes as shown in drawing 8 . this resin insulating layer 240 between 
layers -- the Bahia hall 246 and a conductor -- a circuit 248 is formed and the 
Bahia hall 346 is formed in the resin insulating layer 340 between layers. With 
the multilayer-interconnection plate concerned, a daughter board 280 is 
connected to the ceramic plate 210 side through a bump 266, and the IC chip 
270 is connected to the resin insulating-layer 340 side between layers through 
the bump 266. 

[0003] Power is also increasing by leaps and bounds at the moment of 
consuming current and IC chip with improvement in capacity. In order to supply 
this power in instant, in the package substrate, the chip capacitor 299 is mounted 
in the front face. 



[0004] 

[Problem(s) to be Solved by the Invention] However, in the chip capacitor 
mounted in the front face mentioned above, since it is necessary to manage 
wiring inside, the wire length from the IC chip 270 becomes long, and it is difficult 
to supply the instantaneous power required of IC chip. 
[0005] The place which it is made in order that this invention may solve the 
technical problem mentioned above, and is made into the purpose is to offer the 
package substrate which can arrange a mass capacitor near the IC chip. 
[0006] 

[Means for Solving the Problem] In order to solve the technical problem 
mentioned above, in the package substrate of claim 1 It is the package substrate 
which comes to carry out the build up of the resin insulating layer between layers, 
and the wiring layer on a ceramic plate. The bump for connection with IC chip is 
arranged on said ceramic plate, and the bump or pin for connection with an 
external substrate is arranged in the wiring layer on said resin insulating layer 
between layers. Between said ceramic plate and said resin insulating layer 
between layers It makes into a technical feature to have arranged the capacitor 
which consists of one pair of plane layers between which the dielectric layer was 
made to be placed. 

[0007] The package substrate of claim 2 makes it a technical feature to have 
used said capacitor as the capacitor for power sources in claim 1. 
[0008] The package substrate of claim 3 makes things a technical feature in 
claim 1 or 2 for coming to form said dielectric layer with a titanium oxide salt or a 
PEROSU kite system ingredient. 

[0009] In claim 1, since a capacitor is arranged to the ceramic plate side 
furnished with IC chip, the distance of IC chip and a capacitor becomes short and 
can raise the electrical property of a capacitor. It consists of silicon, and IC chip 
with a small coefficient of thermal expansion is attached in a ceramic plate side 
with a small coefficient of thermal expansion, it consists of resin, and an external 
substrate with a big coefficient of thermal expansion is attached in the resin 



insulating-layer side between layers with a big coefficient of thermal expansion. 
For this reason, generating of the crack resulting from a differential thermal 
expansion etc. can be prevented, moreover, a flat ceramic plate top -- fine one - 
since the pad of pitch IC chip is attached, connection dependability can be raised. 
Furthermore, since a high thermally conductive and heat-resistant ceramic plate 
side is attached in IC chip, while being able to cool IC chip efficiently, it becomes 
possible to raise the dependability at the time of high temperature. 
[0010] In claim 2, in order to arrange a power-source capacitor to the ceramic 
plate side furnished with IC chip, the distance of IC chip and a power-source 
capacitor becomes short, and it becomes possible to supply large power to IC tip 
side in instant. 

[001 1] In claim 3, since the dielectric layer is formed with the titanium oxide salt 
with a high dielectric constant, or the PEROSU kite system ingredient, a 
capacitor can be formed in large capacity. Moreover, the layer itself can be made 
thin if a dielectric layer is calcinated and formed. The titanate which can be used 
by the above-mentioned dielectric layer means the alloy ingredient of the titanic 
acid and metal which consist of barium titanate, a lead titanate system, strontium 
titanate, titanic-acid calcium, a titanic-acid bismuth, and titanic-acid magnesium, 
and a PEROSU kite system ingredient means the alloy ingredient at large which 
is MgxNbyOz at least. It is good to use barium titanate also in it. It is because it is 
easy to make a dielectric constant or more into ten as the reason and adhesion 
with a metal layer and a dielectric layer is excellent. 
[0012] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is 
explained with reference to drawing. First, the configuration of the package 
substrate concerning the 1st operation gestalt of this invention is explained with 
reference to drawing 4 which shows a sectional view - drawing 6 . As shown in 
drawing 4 , the package substrate 100 consists of a ceramic plate 10 and a resin 
insulating layer 40,140 between layers which constitutes a build up layer. A 
through hole 12 is formed in the ceramic plate 10, and as shown in drawing 5 , 



the bump 66 for connection with the pad 72 of the IC chip 70 is formed in this 
through hole 12 at it. on the other hand -- the resin insulating layer 40 between 
layers -- the Bahia hall 46 and a conductor -- a circuit 48 forms -- having -- the 
resin insulating layer 140 between layers -- a conductor -- the Bahia hall 146 
connected to the circuit 48 is formed. As shown in drawing 5 , the bump 66 for 
connection with the pad 82 of the DOTA board 80 is arranged in this Bahia hall 
146. 

[0013] Between this ceramic plate 10 and the resin insulating layer 40 between 
layers, the capacitor for power sources which comes to arrange an insulating 
layer 18 between the plane layer 14 and the plane layer 20 is formed. The X-X 
cross section of the plane layer 14 in drawing 4 is shown in drawing 6 . The Z-Z 
line of drawing 6 is equivalent to the amputation stump of drawing 4 . Opening 
14a is prepared in this plane layer 14, and the wiring 16 for connecting the 
through hole 12 by the side of the ceramic plate 10 and the Bahia hall 46 by the 
side of the resin insulating layer 40 between layers is formed in this opening 14a 
at it. 

[0014] pad 82S for the signals of the DOTA board 80 shown by drawing 5 -- 
bump 66-Bahia hall 146- a conductor -- it connects with pad 72S for the signals 
of the IC chip 70 through the circuit 48-Bahia hall 46-wiring 22-wiring 16-through 
hole 12-bump 66. 

[0015] pad 82Pfor the power sources of the DOTA board 80 -- bump 66-Bahia 
hall 146- a conductor -- it connects with the plane layer 20 which constitutes the 
electrode of the capacitor for power sources through the circuit 48-Bahia hall 46. 
On the other hand, pad 72P for the power sources of IC chip are connected to 
the plane layer 14 which constitutes the electrode of another side of the capacitor 
for power sources mentioned above through the bump 66 and the through hole 
12. That is, the power supplied to the capacitor for power sources is supplied to 
IC tip side through the through hole 12 directly under IC chip from the DOTA 
board 80. 

[0016] In the package substrate 100 of this operation gestalt, in order to arrange 



the capacitor for power sources to the ceramic plate 10 side furnished with the IC 
chip 70, the distance of IC chip and a capacitor becomes short and it becomes 
possible to supply large power to IC tip side in instant. Moreover, it consists of 
silicon, and the IC chip 70 with a small coefficient of thermal expansion is 
attached in the ceramic plate 10 side with a small coefficient of thermal 
expansion, it consists of resin, and the DOTA board 80 with a big coefficient of 
thermal expansion is attached in the resin insulating-layer 40,140 side between 
layers with a big coefficient of thermal expansion. For this reason, generating of 
the crack resulting from a differential thermal expansion etc. can be prevented. 
[0017] moreover, a flat ceramic plate top -- fine one -- since the pads 72P and 
72S of pitch IC chip are attached, connection dependability can be raised. That is, 
the pad by the side of the DOTA board 80 is hundreds of micrometers in pitch to 
the pad by the side of the IC chip 70 being the pitch of dozens of micrometers. In 
the package substrate of the conventional technique mentioned above with 
reference to drawing 8 , since the bump 66 by the side of the ceramic fine plate 
10 without irregularity is attached in the resin insulating-layer 340 side between 
layers with irregularity with this operation gestalt to having attached the pad of 
pitch IC tip side at IC chip, dependability can be raised. 
[0018] Furthermore, since the high thermally conductive and heat-resistant 
ceramic plate 10 side is attached in the IC chip 70, while being able to cool IC 
chip efficiently, the heat dissolution of resin is lost and it becomes possible to 
raise the dependability at the time of high temperature. Moreover, in the package 
substrate of this operation gestalt, the dielectric layer 18 consists of titanium 
oxide barium with a high dielectric constant, and can form a capacitor in large 
capacity. 

[0019] It pulls, and it continues and the manufacture approach of the package 
substrate mentioned above with reference to drawing 4 is explained with 
reference to drawing 1 - drawing 3 . 

(1) Set alumina-lead borosilicate glass powder to 200-1 000-micrometer green 
sheet 10alpha by the well-known approach. And through-hole 10a for through 



hole formation is drilled in this green sheet 10alpha (process shown in drawing 1 
(A)). 

[0020] (2) Fill up through-hole 10a of green sheet 10alpha with Ag paste 12alpha 
(process (B)). 

[0021] (3) Next, print so that the plane layer 14 and wiring 16 which mentioned 
Ag paste 14alpha above with reference to drawing 6 can be formed (process C). 
Then, it is made green sheet 18alpha by the approach of common knowledge of 
titanium oxide barium, and after making it correspond to the above-mentioned 
wiring section 16 and preparing a through-hole, it lays after this Ag paste 16 
(process (D)). Then, it prints so that the plane layer 20 and wiring 22 in which Ag 
paste 20alpha is shown in drawing 4 can be formed (process G). 
[0022] (4) Into air, calcinate for 30 minutes at 950 degrees C, and form the 
capacitor for power sources which consists of the ceramic plate 10 equipped with 
a through hole 12 and the plane layer 16, a dielectric layer 18, and the plane 
layer 20, after carrying out thermocompression bonding of each [ these ] sheet 
(process (F)). With this operation gestalt, in order to form a dielectric layer 18 by 
baking, high dielectric constant ingredients, such as titanium oxide barium, can 
be used, and it becomes possible to form a mass capacitor. In addition, after 
baking, the front face of the side which lays IC chip of the ceramic plate 10 can 
be ground, and it can also be made flat. 

[0023] (5) Next, apply insulating resin 40alpha on the plane layer 20 (process 
shown in drawing 2 (G)). As insulating resin, the mixture of thermosetting resin, 
such as epoxy, BT, polyimide, and an olefin, or thermosetting resin, and 
thermoplastics can be used. Moreover, a resin film can also be stuck instead of 
applying resin. 

[0024] (6) Form non-through tube of 100-250 micrometers of diameters of 
opening which result in resin insulating layer 40 between layers to plane layer 20 
or wiring 22 40a with a C02 laser, an YAG laser, excimer laser, or UV laser after 
heating and stiffening insulating resin 40alpha and considering as the resin 
insulating layer 40 between layers (process (G)). 



[0025] (7) Give a palladium catalyst, and it is immersed to nonelectrolytic plating 
liquid, and deposit the nonelectrolytic plating film 42 with a thickness of 15 
micrometers in homogeneity on the front face of the resin insulating layer 40 
between layers, after performing DESUMIYA processing (process (I)). Here, 
although nonelectrolytic plating is used, it is also possible to form metal 
membranes, such as copper and nickel, by the spatter. Although the spatter is 
disadvantageous in cost, there is an advantage which can improve adhesion with 
resin. 

[0026] (8) Succeedingly, a photosensitive dry film is stuck on the front face of the 
nonelectrolytic plating film 42, lay a mask, carry out exposure and a development, 
and form the plating-resist resist 43 with a thickness of 15 micrometers (process 
(J)). And the ceramic plate 10 is immersed in nonelectrolytic plating liquid, a 
current is passed through the nonelectrolytic plating film 42, and the electrolysis 
plating 44 is formed in the agenesis section of a resist 43 (process (K)). 
[0027] (9) and the resist 43 -- 5%KOH a conductor with a thickness of 18 
micrometers (10-30 micrometers) which etches with a sulfuric acid and 
hydrogen-peroxide mixed liquor, carries out dissolution removal of the 
nonelectrolytic plating film 42 under plating resist, and consists of nonelectrolytic 
plating 42 and electrolytic copper plating 44 after carrying out exfoliation removal 
-- a circuit 48 and the Bahia hall 46 are obtained (process shown in drawing 3 
(L)). 

[0028] furthermore, a chromic acid -- for 3 minutes -- being immersed -- a 
conductor -- 1 -micrometer etching processing of the front face of the resin 
insulating layer 40 between layers between circuits 48 is carried out, and a 
surface palladium catalyst is removed, furthermore, the etching reagent 
containing the 2nd copper complex and an organic acid -- a conductor -- a 
roughening side (not shown) is formed in the front face of a circuit 48 and the 
Bahia hall 46, and Sn permutation is further performed on the front face. 
[0029] (10) (5) mentioned above Processing of - (9) is repeated and the resin 
insulating layer 140 between layers and the Bahia hall 146 are formed (process 



(M)). 

[0030] A solder bump is formed in the package substrate mentioned above. After 
applying a solder resist constituent to both sides of a substrate by the thickness 
of 20 micrometers and performing desiccation processing, the photo-mask film 
(not shown) with a thickness of 5mm with which the circle pattern (mask pattern) 
was drawn is stuck, it lays, and a development is exposed and carried out by 
ultraviolet rays. And further, it heat-treats and the solder resist layer (thickness of 
20 micrometers) 60 which has opening 60a of a solder pad part (the Bahia hall 
and its land part are included) is formed (process (N)). 
[0031] then, nickel chloride 2.3 x10-1 mol/l, 2.8x10 to 1 mol/l. sodium 
hypophosphite, and sodium-citrate 1.6 x10-1 mol/l -- since -- it is immersed in the 
becoming non-electrolyzed nickel-plating liquid of pH=4.5 for 20 minutes, and the 
nickel-plating layer 62 with a thickness of 5 micrometers is formed in opening 60a. 
Furthermore, the substrate is immersed in the non-electrolyzed gilding liquid 
which consists of gold cyanide potassium 7.6 x10-3 mol/l, ammonium-chloride 
1.9x10-1 mol/l, 1.2x10 to 1 mol/l. sodium-citrate, and sodium hypophosphite 1.7 
x10-1 mol/l for 7.5 minutes on 80-degree C conditions, and the gilding layer 64 
with a thickness of 0.03 micrometers is formed on the nickel-plating layer 62 
(process (O)). 

[0032] And opening 60a of the solder resist layer 60 is filled up with soldering 
paste (not shown). Then, solder with which opening 62 was filled up The solder 
bump (solder object) 66 is formed by carrying out a reflow at 200 degrees C 
(refer to drawing 4 ). 

[0033] Next, installation of IC chip to this package substrate and the installation 
to a DOTA board are explained with reference to drawing 5 . The IC chip 70 is 
laid and the IC chip 70 is attached by performing a reflow so that the solder pad 
72 of the IC chip 70 may correspond to the solder bump 66 of the completed 
package substrate 100. Similarly, the package substrate 100 is attached in the 
DOTA board 80 by carrying out a reflow of the pad 82 of the DOTA board 80 to 
the solder bump 66 of the package substrate 100. 



[0034] Then, the package substrate concerning the 2nd operation gestalt of this 
invention is explained with reference to drawing 7 . The package substrate of the 
2nd operation gestalt is the same as that of the 1st operation gestalt mentioned 
above almost. However, in the package substrate of this 2nd operation gestalt, 
the conductive pin 166 is arranged in a DOTA board side, and it is formed so that 
connection with a DOTA board may be taken through this conductive pin 166. In 
drawing 7 , although the conductive pin 166 is T mold with a projection, T mold 
pin currently generally used may be used for it. Alloys of the quality of the 
material, such as 42 alloys, are good. 

[0035] Although the capacitor of the ceramic plate 10 bottom was used for power 
sources with the 1st and 2nd operation gestalt mentioned above, it is also 
possible to use this capacitor for a ground. Furthermore, although the capacitor 
has been arranged only to the inner layer of a package substrate with this 
operation gestalt, it is also possible to arrange a chip capacitor in the front face of 
a package substrate. 
[0036] 

[Effect of the Invention] Since the distance of IC chip, a capacitor, and a power 
source becomes short since a capacitor is built in, supply for IC chip is 
momentarily attained in mass power and a coefficient of thermal expansion is 
adjusted by the package substrate of the structure of this invention, it is hard to 
produce the crack in the resin insulating layer between layers. Therefore, 
dependability improves. Moreover, since the heat emitted from IC chip since IC 
chip is arranged on the ceramic substrate is also diffused also from a ceramic 
substrate, the crack near the interface of a ceramic substrate and a resin layer 
and exfoliation are also prevented. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the production process Fig. of the package substrate concerning 
the 1st operation gestalt of this invention. 

[Drawing 2] It is the production process Fig. of the package substrate concerning 
the 1st operation gestalt of this invention. 

[Drawing 3] It is the production process Fig. of the package substrate concerning 
the 1st operation gestalt of this invention. 

[Drawing 4] It is the sectional view of the package substrate concerning the 1st 
operation gestalt of this invention. 

[Drawing 5] It is the sectional view of the package substrate concerning the 1st 
operation gestalt of this invention. 

[Drawing 6] It is the X-X cross-sectional view of the package substrate shown in 
drawing 4 . 

[Drawing 7] It is the sectional view of the package substrate concerning the 2nd 
operation gestalt of this invention. 

[Drawing 8] It is the sectional view of the package substrate concerning the 

conventional technique. 

[Description of Notations] 

10 Ceramic Plate 

10a Through-hole 

12 Through Hole 



14 Plane Layer 
16 Wiring 

18 Dielectric Layer 
20 Plane Layer 
22 Wiring 

40 Resin Insulating Layer between Layers 
40a A non-through tube 

42 Nonelectrolytic Plating Film 

43 Resist 

44 Electrolysis Plating 
46 Bahia Hall 

48 Conductor -- Circuit 
60 Solder Resist 
60a Opening 
62 Nickel-Plating Film 
64 Gilding Film 
66 Solder Bump 
70 IC Chip 
72 Pad 

80 DOTA Board 
82 Pad 

140 Resin Layer 
146 Bahia Hall 
166 Conductive Pin 
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